METHODS OF ACTI VATI NG CHROM UM CATALYSTS CROSS- REFERENCE TO RELATED

APPLI CATION [0001] This is a Divisional Application of U S. Patent

Application Serial No. 11/122,716, filed May 5, 2005 and published as US

2005/ 0255987 Al, and entitled "Methods of Activating Chrom um Catal ysts,"

which clains priority to U S. Provisional Patent Application Serial No.

60/ 570,521 "New Resins and Catal ysts from I nproved Activation Methods,"

filed May 12, 2004, each of the foregoing applications is hereby

i ncorporated by reference herein inits entirety. TECHNI CAL FI ELD OF THE

| NVENTI ON [ 0002] The present invention relates to chrom um catal ysts,

met hods for acti VIIETIHODE QAT IVAHNG CHRAQNIUM ICARALYSMSon processes

utilizing these activated chrom um catal ysts. Chrom um catal ysts are used

wor | dwi de to produceCROSHRERERENCIDOOYREDATEDAPIBACKERONND OF THE | NVENTI ON

[ 0003JChr om um cat al ysts are used throughout the world for the

pol ymeri zgjoppn OfrhROLY 8UDNiGRRAl Arpliddtioht of NG Retehtr APlidHIBR S cRial M.

catal ysts, often by placing the chrom umon a solid support, such as

alumina o b b Ga. u I 110,45 Ll Chk Videdfial NE
h/gi%‘(ﬁg V\fgéﬂ{‘ﬁ@% PP 98 Rl 15205 d20_6§/0§§‘®_86) AL VirddY erfiied

chrom um an e-“cdtalyst to be shipped in an inactive formto the

o ehaser o Ol A RS AL R Uiy PR MR Bl st e, 1
NIRRT R W G NG T T SN R

performed in sone type of activation apparatus or vessel such as a

f1 uidi zedAB@cﬁtlamM@igq ¢ tilyghiMayplZo 280t reachnal the Agiseiag paplietionsds 5i5eNsi ve
equi pnment in which the catalyst is heated over a period of tinme or "ranped
up" to aningetppxatedi yrrefesampe hereimrin its £ntd®Y- 900C. The ranp up i s conduct ed
slowy over a period of many hours and then the tenperature is maintained
typically for another 1PEGHWNIEALTFIELDADRAYSE INVEENTEIN cool ed down and

di scharged fromthe activator equi pnment. The entire procedure generally
requi res @@OBoUr The Présemih@intion Relatey & chrolRei e@slystg, mbBodon attialing i me
required to activate the catal yst would shorten the process cycle tine and

i ncrease {BEmRMPAnGIySNI ind PElyhBS #48h ProbsedGliliYidk ithe QA AEE HromdVVARY  OF
THE |1 NVENTI ON 100041The present invention relates to rapid activation

et Nods f Ojfal 6L OM R AR Siivs@iihe ! Dd! SAUTMIED BT ptdiBc@Chib alibffty Pr ocess
tinme resulting in the 1 nprovenent. of activator GQUIBHEHI ouCput .
100051hbveh %ﬁtivation processes of the present invention conprise
subj ect i NP AP yst to a first stage conprising a first ranp up time to a
first desired tenperatur I I ni i erature for a first
hol d period, followed by%ggg?gkgﬁﬂgg?H%Pﬁgﬁgﬁéépﬁggpat | east a second stage
conprising a second ranmp up tinme to a second desired tenperature,

mai nt ai ni %@%lhe Shromigm: @abestaarg veed hroughau dhmwond fof thepelymerizationafn t he
second tenperature is greater than or equal to the first tenperature and a
total actpamthyeneyCatalysmpaiwfeciuterss prapawn tlROcHadysts,. oftarodyepiFpiag phecess can
further conprise independently conducting any stage of the process in at

| east onechabmisphe b eolid beppattimshres abingiaa obsilica d€he suppott helpsrio sabiiced duri ng
the ranp up time or the hold period of any stage. 100071The process further
conpr i sestht attivaW dTGhd difoiReO Ml Aloagahs\bdtdlya té Beé sldpsddag an deiyve Bimgoa third
ranp up time to a third tenperature of | ess than 1000C and hol ding for a

third hol ge RRFdHAg:i TORE R CALEANLFESRSP BEIyfrer manufacturing site, it must be
activated for use in the polymerization process. Typical commercial activation

processes consist of activating chromium catalysts by calcining or heating large



[ 0008] Addi ti onal aspects include catalyst activation processes conprising

i nst ant aneously subjecting a catalyst to a first stage conprising a first
tenperature in at |east one first atnosphere, maintaining the first
tenmperature for a first hold period foll owed by instantaneously subjecting
the catalyst to at | east a second stage conprising a second atnosphere and
a second desired tenperature that is greater than the first tenperature and
| ess than or equal to about 1000C, and nmintai ning the second tenperature
for a second hold period. [0009] Mot her aspect of the invention includes
chrom um cat al yst activation processes conprising at |east 2 stages wherein
a first sqegétieonfthé saslystns tdantianndetizdtioniinperdatoei ny seme gipalof sttivatiomn

anbi ent at nosphere previously heated to a tenperature of about 600C,

hol di ng t fsataeusnevatsel suchas adhiditedlbed@utivdter. alhisipro2éubomes invoblellaged by a
second stage conprising raising the tenperature to a range from about 800C

to about QROExMENe dqEBBMeADiOIvhaAohe Qtdhau s hbfe@BOM a DehBdIoF. tih®lodi Ng t he
tenperature for a range of about 1 hour to about 10 hours, wherein the

process i : > QiHoN -

bEScR P CRIEE TP et Phda RSt e Bl e ie SRt on o

t he sensi il vi . C 1 J i i . Mar ] aus

temper at i oY 50 e A Ttk SR E b A erk B TPh B it Y

t hennogr avi netri¢c anal.ysi s, denonstrating.the equi val ence of, ti and

tenper at s Lo hede rfthiAh soben FRYERIOVE AT et A o an A
representation of thernpgravinetric analysis dennnstratinp t he meLght | oss
of cat al y&tupment. Tt gntire prsedyrg igguerally reayireh 0 news e FHEPoPRE PElS od.
[0013]Figure 4 is a graphic representation denonstrating the maxi num wei ght
| oss of cReurdsie tharamepnt 08 timo remingd | to rstivate e aptplys PRSIRIPTICONMOF THE

| NVENTI ON [ 0014] The purpose of activation of chromumcatal ysts is

dehydr oxypratdse nyadé titnk end bicedagesthe puyplpotivityarfdheoatadiyst pcsivathg equiproéntt he
trivalent formof chromum C(+3) to the hexavalent form C (+6) and then
stabilization of the C (+SyMMARY GOTHEIMNMISNBION the invention, the term
"stabilization" refers to this activation process resulting in the

Chr omi un(9604)f or Thefprétt HREAS telathy k@ rr%(ﬁ@ 2B ¥dtoat heRods fGOSIBGing | _
catal yst can contain a total of about 0.2 to about 2.0 % trival ent chrom um

by wei ghtcatd}%’s% ald &8 lr'ﬁ}‘tuié(n SHER a@ﬁ?ﬂoﬁ}%@ce&oﬁﬁl@r&uﬁﬂ%Hﬁ H il FrotimepRi ght .

Fromthese 1% Cr catal ysts, a sta Ion process yielding 0.6 to 0.8 wt

@6C}(G+)(E%Eﬁaﬁa%%@ﬁﬁﬂ?gﬁﬁ'tgble. That is, it is considered desirable when
00 o)

at | east a is converted to Cr(+6) during the activation.
This value |5 referred tQ. herein as th ercent. conversion to,Cr(.+6). For
11 ot oncoblner it iRl bibsfor oo SrEEH i SPRer e BsA Rt oy ge
vol unes, for exanple, 500 to 1200 pounds (363 to 544 Kg), and requires

sl owl y hehtat#lystip alpststage sRMPEEPE RSt wmp Yl te § gt s dgismecrabyer a | ong
period of tinme, typically around 36 hours. These high volunme commerci al
act i vat i onaintginieg ghentirsgtomanawsl foy apfist el petod) Yatosved dnt aymeatige fthom about
0.4 to about 0.6% Cr(+6) and can require 36 hours to conplete. In general,
an act i vatatabyst pr ddessba sdeand sthgd ahanpyisetaesecoivbramd up timbe tod% feoonddssired
conversion) Cr(+6) is considered commercially acceptable. 100151The

acti vat i apmpytatuee, nfaigain@igsthy eedod ddnggerdlire(fd6) sécdnd heldnmiiby, whatiakhhe. The
hexaval ent oxide itself, C03, deconposes into C(3+) and 02 when heated

above 200&eondhemp&hiufdis greated tidnds @GuA o theTHRRGNpertfdand Btad hdtivaBoPr
al um na surface, the conpound is stabilized and can endure even up to 900C

if there 4 | re. Moisture is known to be a significant
inpedineﬁ?é%ggg@ﬁggggﬁgQ%%ggﬁﬁ#ization to Cr(+6). When even traces of

noi sture are present, the chromate ester can be hydrolyzed and Cr (+6) can
agai n deconpose to C (3+). Placing the chrom umon a support does not
elimnate the influence of the noisture because the support surface, for
exanple, silica, releases noisture as it,is heated to progressively higher
tenperatures. The deeper the area contaiining the catalyst in the catalyst
activator equipnment (referred to as the catal yst bed), the nore noisture is
released. This makes it difficult to achieve high stabilization and high
out put simultaneously in a commercial activator. Therefore, commerci al
activation nmethods generally proceed over extended periods of time to
mnimze the effect of noisture on the catalyst and the Cr(+6)



stabilization. The total activation of the catal yst at high tenperature
typically takes a total of 36 hours. [0016] The present invention relates to
rapid activation nmethods for chrom um catal ysts, resulting in the reduction
of the activator process tine and the inprovenent of activator equi pment
out put. [0017] Various types of activator equi pnment or apparatus can be used
to activate catalysts for the present invention. Such equi pnent can incl ude
any vessel or apparatus including, but not limted to, rotary cal ciners,
static pan drying, and fluidized beds. Such equi pnent can operate in a
static or batch node, or in a continuous node. In the case of a static or
bat ch nod&006] vesseTheproggsp aamfiuthecompisaiindgpertvienidtacerdystingoany staga dbe

subj ected sequentially to various stages of the activation process. For a
cont i nuouthenprbecsst e as tiege onof atinbephpreoc ERE ammsphareircannba isdapeddntdy zones

t hrough which the catal yst passes on its path through the activation

appar at us intfo@@de8ldufin@tHelrbihf iup Gchelae Ghetedld peri s of agﬂsm%é. ows upward through a
grid plate containing many small hol es upon which the supported catal yst is
positi Onefbooﬂle 988 pFRsCRRNE! st LRBoRREPAYBEDNE Stabé $3th& Rird8RLEabl e

at nosphere. e catalyst 1s mxed in the gas as it flows creating a
fluid-1ik Thi 5 | f b i ol ' i.di zi ng.
The gas {1 iR sy SR Fa Fanieuds rlak BafTobs S dyhe' £
about 1 fpot pe cond, (0.01.1t0 30 cni,sec). Alternatively, the gas

vel ocity 05&“55415(23?%% 15:?1?815’1’“ TREAESRiIStut 0.5 ft/sec (1.5 to 15 cm sec),
or fromapout 0.1 to about 0.3 ftﬁfec (3-9 cnl sec). é0019]cataL,sts
suitabl e {0908k ne Astdiiongl 3speatht inghde nertalyst AFliVEi, | RyQGesses | COBTIENE of

pol ymeri zi ng pol yol efins_and conprising chrom umon a support. The chrom um
cont ent cHstanieperyslyfsubiestiigoucatdyst te 8 fugstage covprsingaifgHtchaagra Pt t he
total weight of the catalyst. Alternatively, the chrom um content can range
f r om aboulead. chet firsh btmaspBye, omaingrinihg tho firsidemperdtuse for albosit haldonsyiodei ght .
Sui tabl e supports for chrom um catal ysts of the present invention include,
but are nfallowedby adtdntnedisly subjecthgithic vatalyal toni fvaghcs@ndtsege comprasingXxi des
such as oxides of titanium zirconium boron, zinc, nagnesium and the

like, or gQedondaiuhesdhetefidedsecontli desibddeteitRRMirk Shty odatdr hAMNtiR Arsot her
pronoters including, but not limted to, fluoride, sulfate, fluoroborates,

si li cof | uQpind@ar@nddtiBg tHakCor &g’at b oAl Gdorst %n@_eiﬂai%in% etas&dnd r om
commerci al sources such as the ace Davi son Division of R G ace &

Conpany, i tql ysts activated according to the present
invention&?%gggggﬁ§uﬁg5%9%§9%%§%§b@bof the total chrom um converted to the
hexaval en rmafter activyation at 750C.to 900C. |.n _another aspect,
conversio@ogﬁ 509 eidﬁ@?%ﬁﬁi aPVEF“?o“Eﬁfﬁ%f"%mﬁghféﬁgﬁ.wﬁﬁgg8? anot her
aspect, conversions of 60%to_100% are achieved at 750C to 900C and in
Still anoPREFSSHOBRNISRE R st DALSEY WBFeIo? Hihshaar Sompscs JRYENReoRLY | nown

t hat high conversions are nore easily achieved at |ower tenperatures (see
M P. Mt Daninépducingea sataliyet tofancgbignt agposphere mievipyshshmindytae tepperagne cht al yst

| V. Saturation Coverage; J.Catal. 76, 37(1982)). [O00211Activations

conduct edatmet@Cnigolding theeteppesbme farabeuttli mur ¢oshoui 2&hdeatfolgvediey zat al yst
to a final desired tenperature in two or optionally three stages. For

pur poses gtordgagdensoaipirising, raising thetempesitaged arafgerfon abdie 8007Q taatwat al yst to
a desired tenperature and then maintaining that tenperature for a period of

time. A séqge ¢vahaperiebf Mdwed Hdﬁ%ﬂotdbﬁutcﬁhaﬁ%,_slﬁol&iﬁig itie Rnfplefinire T ¥
position or by noving the catal yst through various [ocations. A first stage

conpr i Setsrgﬁ%éc bf §’5on ‘P%uf’ﬁy&ﬂoﬁ? 160 Bbdrs! @héredn! the oréles & rbaIREMA: bin (T1)

and main ing the catalyst at that tenperature for "a first hold period

(HL). For 0Ses,.. ipnvention, the term"ranp up time" refers to a
peri od o#“ﬁ#%ﬁ‘ﬁ%@?£%ﬁ%?ﬁﬂfhe tenperature is increased and the terns "hold
time" and "hold period" are considered interchangeable. Follow ng the first
stage the catalyst is subjected to at | egst a second stage conprising a
second ramp up tinme (R2), to a second tenperature (T2), and a second hol d
period (H2). [0022] The activation processes of the present invention
further conprise independently conducting any stage of the process in at

| east one at nosphere. The atnosphere can be independently introduced during
the ranp up time or the hold period of any stage. [0023] Optionally, the
process conprises a third stage conprising a third ranp up tine (R3), to a
third tenperature, (T3) and a third hold period (H3). According to this
invention it can be advantageous for the third stage or the | ast perforned
stage of the process to be conducted in an oxidizing atnosphere. [0024] Any
of the aspects of the present invention can further conprise a final



[ 0025] The ranp up tines, Rl, R2 and R3, can be the sane anobunt of tine or
they can each be independently different. The range for any ranp up tine
can be instantaneous to less than or equal to 3 hours. In one aspect of
this invention any ranp up tine can be |l ess than 3 hours. |In another aspect
any ranp up tinme can be less than or equal to about one hour. In another
aspect, any ranp up tinme can be instantaneous, or about zero hours. Wen
the ranp up tinme is instantaneous or about O hours, the catalyst is
introduced into a pre-heated environnent. For purposes of the invention,
the term"instantaneous"” refers to introducing the catalyst to a pre-heated
envi ronment wher ei n t he BRIy RESGRIPEIQN DR THE FHEYIRES bl e or about 0 hours.
[ 0026] For purposes of the invention, the first tenperature can be in a
range of [0846] t hatguwee 1eiguadrapiic dipdéseiitatidresSthiesansitivityeofuakthromiwtfiSilical n one
aspect of this invention the first stage tenperature (Ti) is |less than

about 700atallt ta RRIAEE aBERREGS temPerdnfred €SSt han about 600C and in still
anot her aspect, Ti is |less than about 500C. The second stage tenperature

(T2) can Y Fimer st w €T rehd8hton B¢ athehRoghhvidRficl @aalysiban or
equal to Ef(%gy& I'n oﬁegagpgdc?grrgq?ﬁctehrieg invercl)tni on Tf i%gTIVelss tchan gt%out

1000C. In g . i . . - 900C: I n still

anot her a(si%gé(ﬁsn'%n%at ggg(?%‘r’r? grbcgu{ M}%g%&?e %&Bgﬁ%%%%&%g@ H)?&n&%o?ﬁqf;mach'ot her aspect
T2 is 750&%&858@ Fog any third staﬁ%e tthe t igjcgj ten%era ure élTB% is the
hi ghest t at QPR o° whi h FFRNG JERIFYEa0D & p B EROSRGTFLC J0aY¥han or
equal to 1000C. I n gne aspect ?f this invention T3 is |less than about
1000C. | ndepRAsHatingep Sesight 2055 oF patBlS A YATOYSTERPE8MET SHFNG HRrCSOl il
anot her aspect T3 is from about 700C to about 870C. In still another aspect
T3 is 750®ld@ed®HC. [ 0027] The hol d periods can al so be vari ed

i ndependently. That is, Hl, H2 and H3 can be the sanme or different. Any

hol d peri f913}an Figwge4 fis ographigirepresentatiomthanensgatingmibe smaxhmum mweight pset  any
hol d peri od can range fromabout 1 mnute to about 30 hours. hi another
aspect anyf dacilybt petingdtie ¢satherrasigeld. r om about 10 m nutes to about 8 hours,
and in anot her aspect any hold period can range from about 30 mnutes to

about 3 hours. [0028|FETAMEHD DESCRIPHON PFTHRPINVERTIORSEeNnt i nvention can
occur in various atnospheres. The atnosphere can vary independently during

various Stmas Ofrhk EJt%r@lgé b¥ aldvaRoP LR EREShiurR cataliRtsAik TRERNS Bat b BRI N

consi stent througho | stages of the process. Atnbspheres can conprise

oxi di zi ng%ate;ilﬂsg rsﬁ o%{;%}dlrc%g#hgfogg)g %ggfgp H@qﬁvalyﬁefofrﬁ log\é%ﬁ‘nilﬁﬁ,negﬁ@e{oethgan be

i ntroduce epen I vation proces ring part of any

stage, such a ring. the r up L or . duri the hgld perio or any

st age of %V%?ﬂg@?é%rl%& aé’ggﬁ%ﬂ a,‘bﬂézr%gg? %@fﬁ%?g@cfgﬂn‘bgoﬁ Iﬁﬁogﬁijgfe%eduri ng
the hold period of the first stage and an. atnpsphere can be .i nt.roduced
during t hEVeiog: 5 {5%e séafbllﬂ%o%gé‘?fﬁa tgtté‘bseacéWGQ?rhé’FPcﬁ??of%\éan%thré Phere
introduced during the hold period of the second stage. [0029] Each stage can
be conduc@b@mlmg@ﬁﬁ@hﬂf)}hﬁ’ satakystox PEPL fth activaton,ne cpmmesreia) € iCAY

at nosphere, however, it is advantageous for the final stage of the process
to be conchmttied totalaof aboutli0Z hy abeutcsertavalwitechromami byeweightn Mospri ses a
third stage, it can be advantageous to use an oxidi zi ng at nosphere.

100301 Thi fequentnsichrafalisisikentamampui e Crbptweadgtal Fyonk tleboifiory catalyatt a st age of
a process Wwth a step conprising subjecting the catalyst to a reduction at
200C to SQ&litdtion f&ewagmgtmﬁmgww@e(mpg doatiesd aeanled ehhoik, jabout 10
m nutes to about g hours. 1003110xi di zi ng at nospheres can include pure
oxygen_orisafhlightd BldrabI8HiRhM st PPN the MRPLAN dodldreadp pdheydhridd T can be

used. The termdry air refers to substantially anhydrous air.

cont ai ni ng _f about . . p. ngtively the
gas can caneaRRREC thisiohe i Ba BB IRD el SRt o A B FoL 0 )
about 30% oxygen. For purposes of the invention, the term"air" refers to
an oxi di zi ng at nosphere. O her oxidizing4conpounds that can be used in an
oxi di zi ng at nosphere include, but are not limted to, nitrous oxide (N20),
ni trogen dioxide (NO2), nitric oxide (NO, oxygen containing halide
conpounds such as iodi ne pentoxide (1205) or chlorine nonoxide (C120) and
other materials which rel ease oxygen. An oxidi zi ng at nosphere can conpri se
any conbi nati ons of the foregoing conpounds. [0032]1nert atnospheres can

i nclude, but are not limted to, carbon dioxide (CQ2),




vacuum helium argon and nitrogen. Any conbination is al so appropriate.

[ 0033] Reduci ng at nospheres include, but are not limted to, carbon nonoxide
(CO, hydrogen (H2), and materials that deconpose to CO, C and H2. Suitable
materi al s i nclude hydrocarbons, al cohols, amonia and carboxylic acids. Any
conbination is also appropriate. 100341Conbi nati ons of atnospheres at
different stages of the activation process can be enployed for the present
invention. For exanple, a first stage of activation can be conducted in an
inert, an oxidizing or a reducing atnosphere and the second stage in an
oxi di zi ng at nosphere. Likew se, the first stage can be conducted in an

i nert, aneffixiedeyithe poeseat caumeiciad) patares pttoates anathlystreins Begenuolumggefor n a
reduci ng at nosphere. Any of the processes of the present invention can
further cemaplg&0exe hz200gpougdd (363 ab fHEKPE red faquireosiewbthradyp © 4 loglanot her
during the first ranp up tine or first holding period. For exanple, an

oxi di zi ngteﬁig@ﬁﬁﬂa ically tR@nd i8064C, bl NéhgPRIriodthfmiie, RepieNBhaBaet 36 or

anot her oxi di zi ng at nosphere, a reducing atnosphere or an inert atnosphere.

Li kew se, yQpy iagsd hl%fl NRARRE ESmRRid ScEvidAN de drobRd 880°et D&Y PRéduce

at nosphere, a reducing atnosphere or an oxidi zing at nosphere. A reduci ng

at nospher r 0 r i S i di zi ng
o an i neptiagt SRR AR G0 AU HAGL 0P R 18P R ERSRURER 36 ARt
shortening of ra u nd hql d..peri ods s.little conseqguenge, on, catal yst
ual |ty ahrptnTE eblkedh on b PEhBrorHS s Exsey B8 PohL et 1P,
referred to as total cycle . tine. Because the np up tinmes R1, R2 and R3 of
this i nvefRIVERoR 61G8) cpysifsrederspmercyy ¥38W€Wger activation tine is
decreased. In one aspect of this invention, overall activation time (or
cycle tinlp15ls | dbs agtivarionbynle isxytansie Secapse Ghotoh i thegppdy unstable. dher al |
activation tinme is | ess than about 15 hours. In still another aspect, the
overal | alxavaentookide meelf, sCi(as sle¢cnaposesboue Cr(3-) camdsOarvchen rheatedt #bove aspect
it is less than about 6 hours. In general, the overall activation tinme or
total cycR@°Ci Wéhenoohpsmhtasistpieed affa supp@ansichak d silicars ahmdnanyfaddht i onal
time required to operate the process. For exanple, the total cycle tinme can

conpri se &dnidub@ i€ 8@bilizb® afdicah ¥alure tdvBR pOtoPREPL | i0ther€ 56 8h Abs¥nc@ppar at us,
and the |ike. 100361According to this invention, the percent of water in

the at nospRgrRe | NRIMHENY Efdd ™ HeUl E‘si%frﬁﬁ&ﬁﬁ §RhpBYimiche 16 At REVinL  hibs | €ss

t han about /0% during the first stage of the activation process.

Al ternat ' éé%i%{%attilaﬁ txv%tr@-%%.c 3’8%6% %Ve.{l %ralcgssffl @Qﬁﬁré’i%%eégg/ Qtl%eﬁéhr!)ﬁﬁt% ets{%i”m about

n
10% During the second st 0 he "ac on process$ e percentage of
water in th t her e e adjusted to b ess.than. abput. 30% | ess

t han abou an%a%yg%ﬁ%ég@?%E*@&&Htﬂ%%%cﬁmsﬁgo {:ﬁgﬁf)i E%Fmﬁgﬁ%dg%‘inf‘?&a of the

| ast perforned stage of the process, .the a nt of maggr i n_the atnosphere
was | ess PhansURBYtdosh neoelippe &‘@s@ﬂm’&ﬁ Ogobtgﬁtm‘?ﬂﬁf}‘ffo i BF §UBRYT ¢ han
about 1000 ppm 100371In the case of a batch activation node, a_ vessel
conpri si nepriace donkeyamplpetilicso ielaasss mpivureaasyisis beatedhto BigBjesEYdY ghet hese
stages sequentially and then the vessel and catalyst can be cool ed and the
acti vat edtemptmtwest dha deepati the ragagechtaiGagetha|datalyst e thee ngfelysit antiwatonr e
ranped up over a period of tine as the vessel is heated. Alternatively, it
IS possi bégmipngenp Gefebredt@is the asiblysuted}y tikgRoefmdiktardiateéaspd. OTlES makys it

subj ecting the vessel containing the catalyst to a preheated environment,

so that tienduBNB ddRicld ABhI stabilRGtiah bdd BRpH outd® @38l llaRed R @ aseomherial
continuous activation node, any or all of the activation stages of the

process Camya6EUThd e QBfthhﬁ%rﬂaIS&'ﬁk&ﬁ)n%etlﬂsﬁ %{ixeﬁﬂ?%@c&@ LosdX Makgh the

catal yst passes on its pa rough the activator vessel. In the case of a
conti nuou [ [,.there i $ alelns as the
catal yst oS of Pl 5, L HEBTRRABARET R HETHENEL S KIERIT T

R2, and R3) woul d be negligible or instantaneous or about zero hours.
Advant ageously, the catal yst can be added to the activation apparatus
continually and renoved continually upon“conpl etion of the process when a
continuous node is used. 100391During activation the catalyst bed depth can
range fromabout 0.1 to about 20 feet (0.03 to 6 neters). In other aspects
t he bed depth can range fromabout 1 to about 10 feet (0.3 to 3 neters), or
fromabout 2 to about 8 feet (0.6 to 2.4 neters). 100401l n one aspect of
the invention, a two-step process for decreasing chrom um cat al yst
activation tinme conprises heating a chrom um catalyst by fluidization in
dry air in a static batch process for less than 3 hours to a first
tenperature | ess than 700C, maintaining the catalyst at the first
tenperature for a first hold period greater than 1 mnute, heating in dry




100411An alternative aspect of the invention conprises a batch process in
which the catalyst is introduced in dry fluidizing air into a pre-heated
environnment heated to a first tenperature | ess than 700C, nmintaining the
catalyst at the first tenperature for a first hold period greater than 1
m nute, heating for less than 3 hours to a second tenperature greater than
the first tenperature, still in dry air, and maintaining at the second
tenperature for a second hold period greater than 1 hour. The total cycle
time is less than 10 hours. 100421Further aspects of the invention conprise
a continuous activation process in which a chromum catalyst is introduced
into a sustekibizdtion. SBhei tekl aftivation of thehsatedyshahhighdemperatyre ashllg tkeain t he
same or a higher tenperature, in fluidizing dry air. The first zone is set
at 600C ototdl@$36 holre. fi nal zone is set at 700-900C, and the total
activation tine is less than 15 hours. 100431ln an alternative aspect of

the inven{joas) a Theqsesht iVenBbd irMatet NG rapid McARALLN SRiBLY Fér cRBRINLBAES USi ng
an inert or reducing fluidization gas in one or two stages of a batch or

cont i NUOUS,NLAEC eSRiltind iff MOARHIETOR BF e¥Slivaidr frolSEGmE Ik ihplovbaaRerat ure of
about 700C of l'ess, over a period of less than 3 hours and hel d at that

t enper at ug g. . r n 1 mnute. The catalyst is then heated for |ess
than 1 ho%&“’%Eg@gégéﬁguhgﬁperature greater than the first tenperature, and

mai nt ai ne t he, second tepperature for second hol d peri.od gr.eater than
ne F a7y vaRgse St SERGH Suinbleaf of SR Fan bh it iperliffb o
greater than or _equal to, the previous tenperature, and held there for a
third hol ERIF¥EHF %Eﬁpr§$eé‘5’cnéfi’~‘ntl°ﬁ‘ar$“fh RIHRAENT AR Inolide anx Xesspl orapBargle o) yst i s
fluidized in dry inert or reducing atnosphere, in the first and/or second
heati ng zisldingnlut pet Kmied togatary salpinerdy jtabx ipan Aryige. sandodpieed bedhe t ot al
cycle tine is less than 15 hours. [00441ln one aspect of the invention,

i ncr easi nfudhheguipmeptitanodpecdtie oma static at bdtgsmoie camn acontimapisomods. olnetbs i s
contenplated. A nethod for increasing the output of chrom um catal yst

acti vat i otese offpsiatie or bash avidaeoessél\or appdrait cogainingahatatslysttbed @at baper at ur e
of about 800C in a first atnosphere of nitrogen or carbon nonoxi de,

mai nt ai ni afjdechd deGERBERY U6 GafiGis Sthgds@Fhe AbKHtiod Probeklt 865 a @¥atHARAENY t he
first atnosphere for anhydrous air, and holding the catal yst at the

tenper at Up6qd e ked8PinkipPRALs RRICAR iRh sbidlRof 2bRAHRbAST WHRh 8tk Galigyysts of

the present invention can be used in any type of ol efin polynerization

react or kéngC%qmggﬁﬂﬁ&%ﬁ%ﬁ%rCHHﬁgﬁ%géF%L&the invention, the term

pol yneri zation re es an ynerization reactor known in the art
that is c | e of rizing aolefin nononers to,produce honppol yners or
copolyner@ﬁiﬁ th@lﬁfgbéﬂ%ﬁiﬁ?@ﬁ?ﬁ&ﬂpnSﬁ?hﬁpggc?%7§dC@ﬁnlgnﬁr?@ﬁ‘%ﬂ%rry
reactors, gas-phase reactors, solution reactors or any conbination thereof
Gas phasecqnéaé@fl%ﬁgan&éﬂlaﬁéﬁ{?ﬁiug%n s SEPROEA FEREHAF BOBHONUINSIZAF eact or 5.
Slurry reactors can conprise vertical |oops or horizontal |oops. Solution
react ors EArPOBGHDYATOES eQNpuUads toagiRate p damagéq amesnhere t Bescatalysk 1§ miggédt or s can
be conbined into nmultiple reactor systens operated in parallel or in

seri es. Tinshe gasadsyisflows swatingya Huiddgedlavo Phisdsokeretchyriedrie ap fhidimatieni n a
particle form process as disclosed in U S. Patent Nos. 3,624, 063,

5, 565, 175orafhdldiging3 9 k3gas ituwe Forafhidizat bédatahees &an megefremcaboned.6inoi n their
entirety. [0046] A |l oop reactor is conmonly used for a polynerization

t echni queae@MMMBsYt pef SdcBhd EF0E & 3G cRAEE) CAlerhQ1vRly, @le s WelokitPEarRnge FOr
this process, the tenperature is kept below the tenperature at which the

pol YITEr - Siieh o010, 00 S aldit B.55RkL! (109110 TEMLEOPEF M Moliflo 1hE Bald gl e form
process can be within a range o bout 150F t'o about 230F (about 65C to
about 110&%“”§k}£@§&§ hi gher or | ower tenperatures can sonetinmes be used.
Pol ymeri zation ‘'net hods for the slurry process can enploy a | oop reactor or
utilize a plurality of stirred reactors either in series, parallel or
conmbi nati ons wherein the reaction conditions can be different in each of
the reactors. Such polynerization techniques are disclosed in U S. Patent
Nos. 3,248,179, 4,424,341; 4,501, 885; 4,613, 484; 4,737,280; and 5,597, 892;
whi ch are incorporated by reference herein. [0047] Activated catal ysts of
the present invention can be used for polynerization of honopol ynmers or
copol ymers from nonomers. Mononers useful in the present invention are
unsat ur at ed hydrocarbons having from2 to 20 carbon atons. Mononers

i nclude, but are not limted to, ethylene, propylene, 1-butene, 3-nethyl-I
-but ene, 1- pentene, 3-nethyl-1 -pentene, 4-nethyl -1-pentene, 1-hexene,
3-et hyl -1- hexene, 1- heptene, 1-octene, 1l-nonene, 1-decene, and m xtures

t hereof. [0048] The nol ecul ar wei ght of the polynmer can be controlled by



EXAMPLES 10049] The present invention is further illustrated by the
foll ow ng exanpl es, which are not to be construed in any way as i nposing
limtations upon the scope of the invention. On the contrary, it is to be
clearly understood that resort may be had to various other aspects,

enbodi ments, nodifications, features, and equival ents thereof which, after
readi ng the description herein, may suggest thenselves to one of ordinary
skill in the art without departing fromthe present invention or the scope
of the appended clains. 100501To denonstrate the invention, three
commercially available chrom um catal ysts were sel ected. Both 969M5s and
969MPI cal08l19lst s Catalystohiitablador the prastit RnveGtion mclininpan yatakysid sERGRORAS

obtai ned from I nneos Conpany. These three catal yst grades are consi dered
equi val enpolimetitiag poheyefmls| addavenmising tlaomianem afsuppatit B@OchrBmiyma pore
vol une of about 1.6 cc/g, an average particle size of about 90-100 m crons,

and cont a¢dhteht 64H RALHFOIMABELITDI R abdBOLI%, by Weigdht bisddWpbhd tctA0RIdH of
| aborat ory procedure was designed to reproduce the | onger procedure used

for commepgicall,RCt ANGHARRE), HthRork Qi EhEhAlantaRsE8sm 2880 SABotHds ! bs (272
to 340 Kg) of catalyst was introduced or charged to a vessel having a grid

plate 42 jn ( t hn - di . Y, @10 I i Male]

Bt mospher S Wit SusbdE Ehad bR bR et Sty Bb Ittt ElRY |
was introduced at. about 0.15 ft/sec : m sec) ,..and the.ranp up tinme, or
por i 0d. of AfiEeaL; fif Wesspernenia® Siphfes df < B8k uaBBl b suREuRe Pt r cach
800C. Longer .ra p tines can be used ¢ rcially to conpensate for the

i ncreas edgH@F@PHgséﬁﬁt@%éP%ﬁ‘]eﬂ’“ WCE@&&&@%&W%@&%W 5t 2%t al yst
are used. The |arger catal yst charge rel eases npre noisture, which can
damage t haagaesiany and theolilep op eprabinetions jeereadi Stuifplle sEPROAIS anayhalso ¢idpani es
the tenperature rise is diluted in nore air by slow ng down the ranp up
rate. [O00&8RHTerompesdindudogmbocinat boidd t fopndudrisle, tsabatealdbromberatesst udi es,
noi sture was deliberately added to the fluidizing gas and controlled by
bubbl i ng dihefyesdéshambligie Hke5Guitablercacadystsmoarb &€ gruechatednvismusenmeéoial
activation. This fluidizing gas then contained 100% hum dity at room

t enper at Uiirced Québafihg ¢:1ave DalBye Devisibn i dR Gradeh® @agpan@sCelubbes, bubbl ed
t hrough an ice-water colum, or the levels of humdity were further diluted
wth dry ggs before being used for the activation procedure. 100531For the
| aboratory studies, about 10 granms of comrercial catalyst was placed in a

1.75-inch If)?()éd' ¢ @atagg?sr éc%w&%’ eacéoir&ihg S(g \é\ﬁcft grﬁge[ %'éﬁkﬁ ﬁéﬁrp t}&ﬁ%ﬁ% %agé. 55 t@f[ the

bottom Vw t he catal yst was supp I"ul di zati on gas
(air, nit n...or carbon. nonoxi de s.blo up t hr.ough. the disk,at the
linear r a{ogﬁg/gf)f%&?fﬁﬁﬁfr‘im{ug’ 69’%'6’??3 g)\é@e P%xaéf\gfc%ﬂri @%)a.ﬂeﬁ%hé’f‘té%} zgi—@kl)f rnace
was placed arqund the quartz tube in or to he tube. t her nocoupl e
was pl acel® 995t deln MORRSPES FRONFISIOR ?tiejg‘%/értat ﬂﬁg% Ogﬁ?falt 18(5 tQ i(gﬁr Bromthe
t her nocoupl e was connected to an electronic controller that al so supplied
current tashieyed hEaye anothereaspenht qopyeraipone o §QYo i 1 9} greaeiisycd &t 1o87Sdo t he
tenperature of the fluidized bed at a fixed rate, and hold it at specified
t enper at IRMSCfand irs ptalt ariatleat appact caty ersfons ioff80 td 00F4 BFRoachidved.c Hris kndw anpl es,
the catal yst was fluidized in about 0.2 ft/sec (6 cmsec) of dry air and

t he tenpehat High wamveioheda@t nidre eadlily athiatxeutat 606G dro talpmmitu2d 0Geper hour
to the desired tenperature, typically around 800C. At that tenperature the
cat al yst yvEsMRDaSWEATES Stdiéligti @gvi)obn tihe ahillifs TRokEndiREfisn iqatdlfe dvy air.
Afterward the catal yst was collected and stored under dry nitrogen, where
it was prokealiGichveibet hecalmogphefogsyti| ready for testing. Before that
time it was never allowed to experience any exposure to the atnosphere.
10055]In an alternative control sanple, the activator tube was preset and
heated to the desired tenperature and the catalyst was sinply sprinkled

into the tube over about 30 sec. This constitutes an "instantaneous"
tenperature rise, sonetines referred to 3s a "drop in".




10056] Hexaval ent Cr anal ysis was perfornmed by addi ng about 1 gram of
catalyst into a 1IN sulfuric acid solution. A few drops of 1,

10- phenanthroline iron (11) sulfate, 0.025Min water, was used as an
indicator. Wiile stirring, the solution was titrated with a standardi zed
solution of ferrous amonium sulfate in water, until the indicator changed
color. This solution was calibrated by reaction with potassiumdi chromate.
The reaction was the reduction of Cr(+6) to C(+3) by oxidation of Fe(+2)
to Fe(+3). 10057] Pol yneri zation runs were nmade in a 2.2 liter steel reactor
equi pped with a marine stirrer rotating at 400 rpm The reactor was
surroundeff0By] a statiwhtignsclonductesbancaidingny thoiprésanf imeertion slompnise beatingct ed to
a steel condenser. The boiling point of the methanol was controlled by
varyi ng tthe cdatilyogena finek desiedatemiperathré dn ttive @oogtemaky thned stagek etFor

El ectronic control instrunments permtted precise tenperature control to

wi thin hattfxrpase@Qﬂrtﬁ@ igRAtibn e eern] QSR Yafces o REdtAEW sAalsétabed destreg el |
anount (about 0.01 to about 0.10 grans) of the solid catal yst was first

char ged Ofenﬁiéida%&e 'dﬂ&'ﬁ{en%'ihiﬁtﬁﬁﬁ&g tﬁ&tﬁ@xﬁﬁ&ﬁtﬁlﬁ‘e R aYetib@ELAmME O Al fispeday bE€act or.
Next, 1.2 liter of isobutane liquid was charged and the reactor heated up

to the SpﬁﬁigJAn%f? WRAP R o ig%#ffaal s tigxﬁaggga%sﬂi%%r %ﬁ@yk@w@ Qydighe was

added to reactor to equ i xe ure, nor psig (3.8
MPa), whigh s nmai nfained during, the experinent. The poly | zat.i on was
al Toved t SRR PO b DEC T REe QOPP IS A MOai P S BedGhie RBET, and
the activity S not ed recordjng the flow of ethylene intq the reactor
to mint aﬁ%lrﬁﬁe%mratﬁ%&&r and mapining fhe CAHA R ‘eeperaipEe Torrs gt hyl ene
fl ow was stopped and the reactor slowly depressurized. The reactor was
opened t oheld@siied (Rl)gr Haupeposss|of e infertigay theteymy frampageimeheefera et or was
clean with no indication of any wall scale, coating, or other forns of
foul i ng. fredpd]timeoveyovider theetsmpéreture srinereased add Wed hresl ‘hothéimgltandi ty of
the catal yst was cal cul ated as grans of polyner produced per gramof solid
cat al yst okd gedbdieare konsider¢ Dbt hngeablch Folowingnhe fiest stepedhd catalydtest est s
was pol ynerization grade ethyl ene previously obtained fromthe fornmer Union

Car bi de Cﬁfb;&fqﬂtt'b @fleast RisScaidRyHog REmPASing Besrohd ki ip HiHel (RRE o b BécoHGh a
colum of 1/4 inch (6 mllineter) beads of Al coa A201 alum na, activated

at 250C i anfif0R0ery), AUt Jl bitfatioqs pol ymeri zation grade previously

obtained fromthe former Phillips Petrol eum Co., Borger, Texas. |t was

obtal omt’ mer Phi 11 ! ‘
col umn of (BePhen 116 Mrib TebPRRNAE' ' Aot (RRafAREE: ‘MR, 2 o
250C in njt . 10061] To determine the effect of noist

<t abi || 2T TG HESe R0, S5 oA e duayes Tt Rysh Bl ¢B8E*ond B ni ng 10

grans each of 969MS catal yst were heated to various tenperatures .in air to
Thi ch var ABOPHETREHICS ICPERACEly ol 2 AifcfatnD WPrmeIa the %gldmeeﬁ ed in
Figure 1. The rate of tenperature rise was 1500C per hour, so that the

| ongest refiAayetage was about thirty minutes. The catalysts were fluidized in
the air of varying noisture levels for three hours at the tenperature

i ndi cat edl0023{d t Bptiondlly, et bgess compriseo @l thitd dtagn camgrising adbird amp up
stabilization to Cr(+6). At 600C and bel ow, stabilization was high and

al nost i nilepéRBend a dirdmehnpetatiee,| @3 Ehnd dohvirl/ksld patiod (Ibe Act@dipgrtathis es, the
noi sture | evel became critical. The data denonstrates that in a two-stage

activati Ofveritiof if tdnShe 8dvasRgERR fHEthdShikd SAg@sr HRAGst Wetforndedvarige dfasé rate of
tenperature rise, thus generating high noisture |levels, wthout danmage to

the cat a';?{—ééessﬁﬁ'lﬁaooonéﬁ%’@in@gq)%diiin %wjéﬁhégvant ageous to maintain a | ow
noi sture 1evel during activation. EXAMPLE 2 100621To study the effect of
noi sture, the catal yst was dropped into a hot activator tube containing
nitrogen at 30,000 ppm noi sture instead of the atnosphere of air used in
the previous test. After 15 m nutes exposure, the atnosphere was then
changed to dry air, and the catal yst wag exposed for an additional 15

m nutes. Results shown in Figure 1 denonstrate that the Cr(+6)
stabilization for the catalyst in this test was nuch higher in the
activated catalyst than it was in a correspondi ng catal yst treated at 800C
in air when both catalysts were treated at the sane noisture |evel. Wthout
intending to be limted by theory, it is believed that nitrogen protects
the catalyst and that large crystallites of al pha-chrom a grow nore easily
when traces of oxygen are present with noisture. [See Excess Oxygen of
Chroma, |.; by MP. MDaniel and R L. Burwell, Jr.; Journal of Catalysis,
Vol . 36, p.394 (1975), and Excess Oxygen of Chromia, Il. Reaction with

Di phenyl pi cryl hydrazine; by MP. MDaniel and R L. Burwell, Jr.; Journal of

[/ —— —t " g3 g *



EXAMPLE 3 [0063] Thernogravi netric anal ysis was perfornmed to determ ne the
effect of tenperature on hold tine. The silica fromthe activated catal yst
was subjected to a thernogravinmetic analysis. Starting at roomtenperature
each sanple was heated in flowing nitrogen at 40C per hour up to 900C and
t he weight of the sanple was nonitored. Each sanple | ost weight as the
tenperature was raised, due to the | oss of noisture. During each
experinment, the tenperature rise was halted at various tenperatures from
200C to 800C where it was held for 24 hours. Afterward the tenperature rise
was continued at 40C per hour as before up to a maxi nrum of 900C. The data
was pl ot t fi92dhd tAny clitheesspente of tioanpreisent Hngamtien 2an Thghdsraaiprise at fuml cur ve
represents the 24 hr isothermal hold period. The silica |ost the nost

wei ght dufddaging heatinefefolibemgtihelabiiopding pericel ofake dvtivhish @bcSO0TROME] Thi s
suggests that nol ecul ar notion begins to accelerate at that tenperature At

still hi gﬁaﬁahgrﬁe@ﬁ&huwﬁpngeaemmue %'tﬁé cﬁfﬁltybtotﬁ 4 feda¥iap atsdpBéreadBHamuch of
the noisture is |ost before the isothermal hold begins. The weight |oss

during th e”?aln I e r W eC nstrates
t he anmoun éidds\%lrﬁgx& gﬂ% ﬁo?l %%&ﬁ It(zrrnggrﬁggtqtﬁér) gbg{éﬁg Igougsb hov?/ ?Eggfaﬁghat

noi st ure s l,ost. Th i t. | e

seen at U0 SU0C iy oo BB 8 @i %ﬁ%ﬁemetba a%“e‘lce%;%%ﬁ%

degr ee, nsi dered as |nterchapgeabl e hort hol d t.inmes gt?

t enper at u a}‘%m%d ﬁag'ﬁtt 1o jthe Eo PSP, CAR | gLPTisy 5X’fl@ﬁ§mﬁo 8 tines

at low tenperature, at 500C and abgove). EXAMPLE 4 [00641Usi n%rt he
i nf or mat i #AogPhsEs wEaH %b@f&’é’atl%?"i’sé?}sowyh%gr m@erﬁ@gb’@ﬁ%ﬁd’tﬁlb Pragtstvat i ng

chrom um catal ysts using nultiple steps to mnimze the tinme cycle of an
act i vat i ofer (inhieducingc theagatalypt tthetho uednpingoptmasplese.i Ve ovduaippasien 63 ber to
inprove the quality of the catalyst Cr(+6) stabilization. Numerous
di f f er ent pafirined i tempseyuesTergnglom dbest 200°Anaatznue SA¥ECri bed in Tabl e 1.
These catalysts were all activated using gas velocities of 0.12 ft/sec
(3.7 cnl spoRs] A mMhadimgup tings Rl R2 idioRB, @an &g tiad saine @hotinPoGiment they +6) was
consi dered commercially acceptable activation. Table 1 Exanple # Catal yst
RVse TenpcahOeadhl b8 tindRipRa@enBa nBfEIABAL TRS rafg@or any ramp up time can be

instantaneous to less than or equal to 3 hours. In one aspect of this invention any ramp

up time can be less than 3 hours. In another aspect any ramp up time can be less than or

equal to about one hour. In another aspect, any ramp up time can be instantaneous, or

about zero hours. When the ramp up time is instantaneous or about 0 hours, the catalyst

is introduced into a pre-heated environment. For purposes of the invention, the term

“instantaneous” refers to introducing the catalyst to a pre-heated environment wherein

the ramp up time would be negligible or about 0 hours.

[0026] For purposes of the invention, the first temperature can be in a range of less

than or equal to 500°C to less than or equal to 700°C. In one aspect of this invention

the first stage temperature (T1) is less than about 700°C. In another aspect, T1 is less



Max % H20 Hold Ti ne
Max 94120 Hold Ti ne
800 C 240Air 0.2 3

Rai se Tenp To: Second Stage Ranp Ti neAtnos. (mn)
Color % Cr(+6) Total Cycle Tinme (mn) Control 1 969MPI
hr

than about 600°C and in still another aspect, T1 is less than about 500°C. The second
stage temperature (T2) can be any temperature greater than or equal to T1 and less than
or equal to 1000°C. In one aspect of this invention T2 is less than about 1000°C. In
another aspect T2 is from about 600°C to about 900°C. In still another aspect T2 is
from about 700°C to about 870°C. In still another aspect T2 is 750°C to 850°C. For
any third stage, the third temperature (T3) is the highest temperature to which the
catalyst is exposed and is less than or equal to 1000°C. In one aspect of this invention
T3 is less than about 1000°C. In another aspect T3 is from about 600°C to about
900°C. In still another aspect T3 is from about 700°C to about 870°C. In still another
aspect T3 is 750°C to 850°C.

[0027] The hold periods can also be varied independently. That is, H1, H2 and H3
can be the same or different. Any hold period can range from 1 minute to about 30
hours. In one aspect any hold period can range from about 1 minute to about 30 hours.
In another aspect any hold period can range from about 10 minutes to about 8 hours,
and in another aspect any hold period can range from about 30 minutes to about 3
hours.

[0028] Activation of catalysts of the present invention can occur in various
atmospheres. The atmosphere can vary independently during various stages of the
activation process, or the atmosphere can remain consistent throughout all stages of the
process. Atmospheres can comprise oxidizing, inert, and reducing compounds. The

relevant atmosphere can be introduced independently to the activation process during

10



Yel | ow 0.5938 420 Control 2 969MPI 800 C 1Air 44.8 15 mn G een 0. 346
16 Control 3 969MPI

any part of any stage, such as during the ramp up time or during the hold period for any
stage of the process. For example, an atmosphere can be introduced during the hold
period of the first stage and an atmosphere can be introduced during the ramp up time of
the second stage and then another atmosphere introduced during the hold period of the
second stage.

[0029] Each stage can be conducted independently in an oxidizing, an inert, or a
reducing atmosphere, however, it is advantageous for the final stage of the process to be
conducted in an oxidizing atmosphere. When the invention comprises a third stage, it
can be advantageous to use an oxidizing atmosphere.

[0030] This invention further comprises optionally following a last stage of a
process with a step comprising subjecting the catalyst to a reduction at 200°C to 500°C
in a reducing atmosphere such as carbon monoxide for about 10 minutes to about 5
hours.

[0031] Oxidizing atmospheres can include pure oxygen or ambient air containing
oxygen. Substantially anhydrous air can be used. The term dry air refers to
substantially anhydrous air. Gas containing from about 5 to about 100% oxygen can be
used. Alternatively the gas can contain from about 10 to about 50% oxygen, or from
about 15% to about 30% oxygen. For purposes of the invention, the term “air” refers to
an oxidizing atmosphere. Other oxidizing compounds that can be used in an oxidizing
atmosphere include, but are not limited to, nitrous oxide (N,O), nitrogen dioxide (NO,),

nitric oxide (NO), oxygen containing halide compounds such as iodine pentoxide (I,Os)

11



788 C 720Air < 1% 12 hr G een 0.4347 2160 4-1 969 MPI 600 C 3Air 12.7
15 Mm 800 C air 14.1 15 mn

or chlorine monoxide (Cl,O) and other materials which release oxygen. An oxidizing
atmosphere can comprise any combinations of the foregoing compounds.

[0032] Inert atmospheres can include, but are not limited to, carbon dioxide (COy),
vacuum, helium, argon and nitrogen. Any combination is also appropriate.

[0033] Reducing atmospheres include, but are not limited to, carbon monoxide
(CO), hydrogen (H2), and materials that decompose to CO, C and H2. Suitable
materials include hydrocarbons, alcohols, ammonia and carboxylic acids. Any
combination is also appropriate.

[0034] Combinations of atmospheres at different stages of the activation process
can be employed for the present invention. For example, a first stage of activation can
be conducted in an inert, an oxidizing or a reducing atmosphere and the second stage in
an oxidizing atmosphere. Likewise, the first stage can be conducted in an inert, an
oxidizing or a reducing atmosphere and the second stage in a reducing atmosphere.
Any of the processes of the present invention can further comprise exchanging the
atmosphere from one atmosphere to another during the first ramp up time or first
holding period. For example, an oxidizing atmosphere of the first holding period may
be exchanged for another oxidizing atmosphere, a reducing atmosphere or an inert
atmosphere.  Likewise, any inert atmosphere can be exchanged for another inert
atmosphere, a reducing atmosphere or an oxidizing atmosphere. A reducing
atmosphere can be exchanged for another reducing atmosphere, an oxidizing or an inert

atmosphere.

12



Geen 0.4477 35 4-2 969 MPI 600 C 1Air 38.1 15 min 800 C air 24.8 30 mn
G een 0.4694 47 4-3 969 MPI 600 C 2Air 19.0

[0035] The inventive process of selective shortening of ramp up and hold periods
has little consequence on catalyst quality and significantly shortens the overall
activation time, also referred to as total cycle time. Because the ramp up times R1, R2
and R3 of this invention are relatively short, the overall activation time is decreased. In
one aspect of this invention, overall activation time (or cycle time) is less than about 20
hours. In another aspect, the overall activation time is less than about 15 hours. In still
another aspect, the overall activation time is less than about 10 hours and in another
aspect it is less than about 6 hours. In general, the overall activation time or total cycle
time comprises the ramp up and hold times and any additional time required to operate
the process. For example, the total cycle time can comprise time to cool the catalyst,
time to position vessels or apparatus, and the like.

[0036] According to this invention, the percent of water in the atmosphere,
including the moisture released by the catalyst, is less than about 70% during the first
stage of the activation process. Alternatively the water content is less than about 50%,
or less than about 10%. During the second stage of the activation process the
percentage of water in the atmosphere can be adjusted to be less than about 30%, less
than about 20% or less than about 10%. During the final hold period of the last
performed stage of the process, the amount of water in the atmosphere was less than
about 50,000 ppm, less than about 10,000 ppm or less than about 1000 ppm.

[0037] In the case of a batch activation mode, a vessel comprising a catalyst bed

containing catalyst can be subjected to these stages sequentially and then the vessel and
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catalyst can be cooled and the activated catalyst can be discharged. Generally, the
temperatures are ramped up over a period of time as the vessel is heated. Alternatively,
it is possible to perform at least one stage of the batch process by subjecting the vessel
containing the catalyst to a preheated environment, so that the ramp up time is
instantaneous.

[0038] In the case of a continuous activation mode, any or all of the activation
stages of the process can occur throughout a series of heated zones, through which the
catalyst passes on its path through the activator vessel. In the case of a continuous
activator, there is an instantaneous temperature change as the catalyst moves from one
heated zone into another and the ramp times (R1, R2, and R3) would be negligible or
instantaneous or about zero hours. Advantageously, the catalyst can be added to the
activation apparatus continually and removed continually upon completion of the
process when a continuous mode is used.

[0039] During activation the catalyst bed depth can range from about 0.1 to about
20 feet (0.03 to 6 meters). In other aspects the bed depth can range from about 1 to
about 10 feet (0.3 to 3 meters), or from about 2 to about 8 feet (0.6 to 2.4 meters).

[0040] In one aspect of the invention, a two-step process for decreasing chromium
catalyst activation time comprises heating a chromium catalyst by fluidization in dry air
in a static batch process for less than 3 hours to a first temperature less than 700°C,
maintaining the catalyst at the first temperature for a first hold period greater than 1

minute, heating in dry air for less than 1 hour to a second temperature greater than the

14



38 4-5 969 MPI 700 C Air 41.1 15 mn BOOC air 16.5 30 mm Green 0.4937 47
4-6 969 MPI 700 C Air 41.1

first temperature, and maintaining at the second temperature for a second hold period
greater than 1 hour. The total cycle time is less than 10 hours.

[0041] An alternative aspect of the invention comprises a batch process in which the
catalyst is introduced in dry fluidizing air into a pre-heated environment heated to a first
temperature less than 700°C, maintaining the catalyst at the first temperature for a first
hold period greater than 1 minute, heating for less than 3 hours to a second temperature
greater than the first temperature, still in dry air, and maintaining at the second
temperature for a second hold period greater than 1 hour. The total cycle time is less
than 10 hours.

[0042] Further aspects of the invention comprise a continuous activation process in
which a chromium catalyst is introduced into a successive series of two or three heating
zones, each set at the same or a higher temperature, in fluidizing dry air. The first zone
is set at 600°C or less, the final zone is set at 700-900°C, and the total activation time is
less than 15 hours.

[0043] In an alternative aspect of the invention, a process for activating a chromium
catalyst comprises using an inert or reducing fluidization gas in one or two stages of a
batch or continuous process. A chromium catalyst is raised to a first temperature of
about 700°C or less, over a period of less than 3 hours and held at that temperature for
greater than 1 minute. The catalyst is then heated for less than 1 hour to a second
temperature greater than the first temperature, and maintained at the second temperature

for a second hold period greater than 1 min. Finally it may, optionally, be heated to a
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third temperature, greater than or equal to, the previous temperature, and held there for
a third hold period of greater than 1 minute. In this aspect, the catalyst is fluidized in
dry inert or reducing atmosphere, in the first and/or second heating zone, and the final
zone is in dry oxidizing atmosphere. The total cycle time is less than 15 hours.

[0044] In one aspect of the invention, increasing the output of chromium catalyst in
an activation process is contemplated. A method for increasing the output of chromium
catalyst activation comprises instantaneously subjecting a catalyst to a temperature of
about 800°C in a first atmosphere of nitrogen or carbon monoxide, maintaining the
temperature for at least about 15 minutes, exchanging the first atmosphere for
anhydrous air, and holding the catalyst at the temperature for an additional period of
time..

[0045] Activated catalysts of the present invention can be used in any type of olefin
polymerization reactor known in the art. For purposes of the invention, the term
polymerization reactor includes any polymerization reactor known in the art that is
capable of polymerizing olefin monomers to produce homopolymers or copolymers of
the present invention. Such reactors can comprise slurry reactors, gas-phase reactors,
solution reactors or any combination thereof. Gas phase reactors can comprise fluidized
bed reactors or tubular reactors. Slurry reactors can comprise vertical loops or
horizontal loops. Solution reactors can comprise stirred tank or autoclave reactors.
Such reactors can be combined into multiple reactor systems operated in parallel or in

series. The catalyst also may be used to produce ethylene polymers in a particle form

16



Orange 0.621 30 4-8 9691\1SB 800 C N2 44.8 7 m 800 C air <1% 15 nm G een
0.4394 23 4-9 969MsB 800 C

process as disclosed in U.S. Patent Nos. 3,624,063, 5,565,175 and 6,239,235 which are
incorporated by reference herein in their entirety.

[0046] A loop reactor is commonly used for a polymerization technique commonly
referred to as particle form, or slurry process. For this process, the temperature is kept
below the temperature at which the polymer swells or goes into solution. The
temperature in the particle form process can be within a range of about 150°F to about
230°F (about 65°C to about 110°C), although higher or lower temperatures can
sometimes be used. Polymerization methods for the slurry process can employ a loop
reactor or utilize a plurality of stirred reactors either in series, parallel or combinations
wherein the reaction conditions can be different in each of the reactors. Such
polymerization techniques are disclosed in U.S. Patent Nos. 3,248,179, 4,424,341,
4,501,885; 4,613,484; 4,737,280; and 5,597,892; which are incorporated by reference
herein.

[0047] Activated catalysts of the present invention can be used for polymerization
of homopolymers or copolymers from monomers. Monomers useful in the present
invention are unsaturated hydrocarbons having from 2 to 20 carbon atoms. Monomers
include, but are not limited to, ethylene, propylene, 1-butene, 3-methyl-1-butene, 1-
pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, 1-
heptene, 1-octene, 1-nonene, 1-decene, and mixtures thereof.

[0048] The molecular weight of the polymer can be controlled by various means

known in the art including but not limited to, adjusting the temperature (higher
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temperature giving lower molecular weight) and introducing, or varying the amount of
hydrogen, or varying the catalyst compounds.
EXAMPLES

[0049] The present invention is further illustrated by the following examples, which
are not to be construed in any way as imposing limitations upon the scope of the
invention. On the contrary, it is to be clearly understood that resort may be had to
various other aspects, embodiments, modifications, features, and equivalents thereof
which, after reading the description herein, may suggest themselves to one of ordinary
skill in the art without departing from the present invention or the scope of the
appended claims.

[0050] To demonstrate the invention, three commercially available chromium
catalysts were selected. Both 969MS and 969MPI catalysts were obtained from W.R.
Grace Company, and EP30X was obtained from Inneos Company. These three catalyst
grades are considered equivalent in that they all have a surface area of about 300 m?*/g, a
pore volume of about 1.6 cc/g, an average particle size of about 90-100 microns, and
contain a chromium loading of about 1 wt %.

EXAMPLE 1

[0051] A laboratory procedure was designed to reproduce the longer procedure used
for commercial activations. In a commercial process, about 600-750 Ibs (272 to 340
Kg) of catalyst was introduced or charged to a vessel having a grid plate 42 inches (1.1

meters) in diameter. Dry air or other oxidizing atmosphere was blown up through the

18



2 hour Green-Yell ow 0.5226 122 4-11 959M513 800 C N2 44.8 16 mn BOO C
air < 1% 4 hour Yell ow- G een 0.5694 257 4-12 969MBB 800 C

plate to fluidize the catalyst. Air was introduced at about 0.15 ft/sec (4.6 cm/sec), and
the ramp up time, or period of increasing temperature, typically took about 10 hours to
reach 800°C. Longer ramp up times can be used commercially to compensate for the
increased moisture generated when proportionally deeper beds of catalyst are used. The
larger catalyst charge releases more moisture, which can damage the catalyst. To
compensate, the moisture release that accompanies the temperature rise is diluted in
more air by slowing down the ramp up rate.

[0052] To reproduce commercial conditions for the laboratory studies, moisture was
deliberately added to the fluidizing gas and controlled by bubbling the gas through a
25°C water column before it was used for activation. This fluidizing gas then contained
100% humidity at room temperature. To obtain lower levels of humidity, the gas was
cither bubbled through an ice-water column, or the levels of humidity were further
diluted with dry gas before being used for the activation procedure.

[0053] For the laboratory studies, about 10 grams of commercial catalyst was
placed in a 1.75-inch (4.4 cm) quartz tube fitted with a sintered quartz disk at the
bottom. While the catalyst was supported on the disk, the fluidization gas (air, nitrogen,
or carbon monoxide) was blown up through the disk at the linear rate of about 0.1 to 0.3
ft/sec (3-9 cm/sec). An electric furnace was placed around the quartz tube in order to
heat the tube. A thermocouple was placed inside the tube to monitor temperature, and
the signal from the thermocouple was connected to an electronic controller that also

supplied current to the heater. The controller could be programmed to raise the
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temperature of the fluidized bed at a fixed rate, and hold it at specified temperatures for
specified periods of time.

[0054] For the control samples, the catalyst was fluidized in about 0.2 ft/sec (6
cm/sec) of dry air and the temperature was raised at the rate of about 60°C to about
240°C per hour to the desired temperature, typically around 800°C. At that temperature
the catalyst was allowed to fluidize for three to five hours in the dry air. Afterward the
catalyst was collected and stored under dry nitrogen, where it was protected from the
atmosphere until ready for testing. Before that time it was never allowed to experience
any exposure to the atmosphere.

[0055] In an alternative control sample, the activator tube was preset and heated to
the desired temperature and the catalyst was simply sprinkled into the tube over about
30 sec. This constitutes an “instantaneous” temperature rise, sometimes referred to as a
“drop in”.

[0056] Hexavalent Cr analysis was performed by adding about 1 gram of catalyst
into a 1N sulfuric acid solution. A few drops of 1, 10-phenanthroline iron (II) sulfate,
0.025M in water, was used as an indicator. While stirring, the solution was titrated with
a standardized solution of ferrous ammonium sulfate in water, until the indicator
changed color. This solution was calibrated by reaction with potassium dichromate.
The reaction was the reduction of Cr(+6) to Cr(+3) by oxidation of Fe(+2) to Fe(+3).
[0057] Polymerization runs were made in a 2.2 liter steel reactor equipped with a

marine stirrer rotating at 400 rpm. The reactor was surrounded by a steel jacket
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containing boiling methanol and connected to a steel condenser. The boiling point of
the methanol was controlled by varying the nitrogen pressure applied to the condenser
and jacket. Electronic control instruments permitted precise temperature control to
within half a degree centigrade.

[0058] Unless otherwise stated, a small amount (about 0.01 to about 0.10 grams) of
the solid catalyst was first charged or added under an inert atmosphere of nitrogen to the
dry reactor. Next, 1.2 liter of isobutane liquid was charged and the reactor heated up to
the specified temperature, usually around 105°C. Finally, ethylene was added to the
reactor to equal a fixed pressure, normally 550 psig (3.8 MPa), which was maintained
during the experiment. The polymerization was allowed to continue for the specified
time, usually around one hour, and the activity was noted by recording the flow of
ethylene into the reactor to maintain the set pressure.

[0059] After the allotted time, the ethylene flow was stopped and the reactor slowly
depressurized. The reactor was opened to recover a granular polymer powder. In all
cases the reactor was clean with no indication of any wall scale, coating, or other forms
of fouling. The polymer powder was then removed and weighed. The activity of the
catalyst was calculated as grams of polymer produced per gram of solid catalyst
charged per hour.

[0060] The ethylene monomer used for the tests was polymerization grade ethylene
previously obtained from the former Union Carbide Corporation. This ethylene was

then further purified through a column of % inch (6 millimeter) beads of Alcoa A201
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alumina, activated at 250°C in nitrogen. Isobutane diluent was polymerization grade
previously obtained from the former Phillips Petroleum Co., Borger, Texas. It was
further purified by distillation and it too was then passed through a column of % inch (6
millimeter) beads of Alcoa A201 alumina, activated at 250°C in nitrogen.

[0061] To determine the effect of moisture on stabilization to hexavalent chromium,
quartz activator tubes containing 10 grams each of 969MS catalyst were heated to
various temperatures in air to which various amounts of moisture had been added. The
data is plotted in Figure 1. The rate of temperature rise was 1500°C per hour, so that the
longest ramp time was about thirty minutes. The catalysts were fluidized in the air of
varying moisture levels for three hours at the temperature indicated, and then the
catalyst was cooled down and tested for stabilization to Cr(+6). At 600°C and below,
stabilization was high and almost independent of moisture level. However, at higher
temperatures, the moisture level became critical. The data demonstrates that in a two-
stage activation, the first stage can be as high as 600°C with a very fast rate of
temperature rise, thus generating high moisture levels, without damage to the catalyst.
Also, above 600°C it can be advantageous to maintain a low moisture level during
activation.

EXAMPLE 2

[0062] To study the effect of moisture, the catalyst was dropped into a hot activator
tube containing nitrogen at 30,000 ppm moisture instead of the atmosphere of air used

in the previous test. After 15 minutes exposure, the atmosphere was then changed to
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dry air, and the catalyst was exposed for an additional 15 minutes. Results shown in
Figure 1 demonstrate that the Cr(+6) stabilization for the catalyst in this test was much
higher in the activated catalyst than it was in a corresponding catalyst treated at 800°C
in air when both catalysts were treated at the same moisture level. Without intending to
be limited by theory, it is believed that nitrogen protects the catalyst and that large
crystallites of alpha-chromia grow more easily when traces of oxygen are present with
moisture. [See Excess Oxygen of Chromia, I.; by M.P. McDaniel and R.L. Burwell, Jr.;
Journal of Catalysis, Vol.36, p.394 (1975), and Excess Oxygen of Chromia, II.
Reaction with Diphenylpicrylhydrazine; by M.P. McDaniel and R.L. Burwell, Jr.;
Journal of Catalysis, Vol.36, p.404 (1975), and also The Activation of the Phillips
Polymerization Catalyst, II. Activation by Reduction/Reoxidation; by M.B. Welch and
M.P. McDaniel; Journal of Catalysis, Vol. 82, p.110 (1983).] These crystallites are
then very difficult to reoxidize and redisperse as Cr(+6). As demonstrated in Figure 1,
for a more efficient activation process, nitrogen or other non-oxidizing gasses can be
used to remove moisture followed by a final oxidation to improve stabilization to
Cr(+6).
EXAMPLE 3

[0063] Thermogravimetric analysis was performed to determine the effect of
temperature on hold time. The silica from the activated catalyst was subjected to a
thermogravimetic analysis. Starting at room temperature each sample was heated in

flowing nitrogen at 40°C per hour up to 900°C and the weight of the sample was
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monitored. Each sample lost weight as the temperature was raised, due to the loss of
moisture. During each experiment, the temperature rise was halted at various
temperatures from 200°C to 800°C where it was held for 24 hours. Afterward the
temperature rise was continued at 40°C per hour as before up to a maximum of 900°C.
The data was plotted and the curves are shown in Figure 2. The break in the curve
represents the 24 hr isothermal hold period. The silica lost the most weight during the
time when the temperature was halted at 500-600°C. This suggests that molecular
motion begins to accelerate at that temperature. At still higher temperatures, the
molecular motion is even faster and much of the moisture is lost before the isothermal
hold begins. The weight loss during this isothermal hold period is shown in Figure 3,
which demonstrates the amount of weight loss for each temperature, and also how fast
that moisture was lost. Thus, a maximum weight loss, plotted in Figure 4, is seen at
500-600°C. This indicates that time and temperature can, to some degree, be
considered as interchangeable. Short hold times at high temperature are equivalent, in
terms of moisture loss, to long hold times at low temperature (at 500°C and above).
EXAMPLE 4

[0064] Using the information discussed above, various methods were designed for
activating chromium catalysts using multiple steps to minimize the time cycle of an
activation (thus increasing the output of an activator apparatus) or to improve the
quality of the catalyst Cr(+6) stabilization. Numerous different activation sequences

were tested and are described in Table 1. These catalysts were all activated using gas
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velocities of 0.12 ft/sec (3.7 cm/sec). A reading of greater than or equal to 0.4 %

Chromium(+6) was considered commercially acceptable activation.
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Table 1

Total

First Stage Second Stage Cycle

. Ramp " Ramp Time

Raise " Max Hold Raise . Max Hold o N

Example # Catalyst Temp To: ;rr:lr‘r:; Atmos. % H20 Time |Temp To: {;:3 Atmos. % H20 Time Color % Cr(+6)  (min)
Control 1 969MPI 800 °C 240 Air 0.2 3hr Yellow 0.5938 420
Control 2 969MPI 800 °C 1 Air 44.8 15 min Green 0.346 16

Control 3 969MPI 788 °C 720 Air <1% 12 tbr Green 0.4347 2160
4-1 969 MPI | 600 °C 3 Air 12.7 15 min | 800°C 2 air 14.1 15 min Green 0.4477 35
4-2 969 MPI 600 °C 1 Air 38.1 15 min 800 °C 1 air 24.8 30 min Green 0.4694 47

4-3 969 MPI 600 °C 2 Air 19.0 24 hr 800°C 1 air 24.8 30 min Orange 0.6641 1473
44 EP 30X 600 °C 7 Air 5.4 15 min | 800°C 1 air 248 15 min Orange 0.571 38
4-5 969 MP! 700 °C 1 Air 41.1 15 min 800 °C 1 air 16.5 30 min Green 0.4937 47

4-6 969 MPI 700 °C 1 Air 41.1 24hr 800°C 1 air 16.5 30 min Orange 0.5964 1472
4-7 S6OMPI 600 °C 1 Air 38.1 1 min 800°C 13 air 2.5 15 min Orange 0.621 30
4-8 969MSB | 800 °C 1 N2 44.8 7 min 800°C 0 air <1% 15 min Green 0.4394 23
4-8 969MSB 800 °C 1 N2 44.8 13 min 800 °C 0 air <1% 30 min Green 0.4713 44
4-10 969MSB | 800 °C 1 N2 448 1 min 800 °C v} air <1% 2 hour | Green-Yellow  0.5226 122
4-11 969MSB | 800 °C 1 N2 448 16 min 800°C 0 air <1% 4 hour | Yellow-Green  0.5694 257
4-12 968MSB | 800°C 1 N2 44.8 15 min 800 °C 0 air <1% 8 hour | Yellow-Green  0.6119 496

413 96SMSB 800 °C 1 N2 448 38 min 800 °C 0 air <1% 20 hour | Beige Orange  0.6634 1240
4-14 969MPI 560 °C 0 N2 ~30 5 min 788 °C 0 air ~20% 15min | Yellow-Tan 0.6542 20
4-15 969 MPI | 800°C 0 co ~50 10 min 800 °C 0 air <1%  10min Beige 0.5817 20
4-16 969 MPI 800 °C 0 [o10] ~50 10 min 800 °C 0 air <1% 10 min Beige 0.5736 20
417 969 MPI | 600°C o] Air ~40 15 min 800 °C 0 coO ~25 10 min Beige 0.6511 25
4-18 969MS 300°C o H20 N2 5 15 min 800 °C 0 air <1% 15min| Yellow-Tan 0.6201 30
4-19 969MS 400 °C 0 H20 N2 5 18 min 800 °C 0 air <1% 20min | Yellow-Tan 0.6893 38
4-20 969MS 500 °C 0 H20 N2 5 15 min 800 °C v} air <1% 18 min | Yellow-Tan 0.6978 33
4-21 969MS 600 °C 0 H20 N2 5 19min | 800°C o] air <1% 15min] Yellow-Tan 0.7185 34
4-22 969MS 700 °C 0 H20 N2 5 19 min 800 °C 0 air <1% 15min ] Yellow-Tan 0.6845 34
4-23 969MS 800 °C 0 H20 N2 5 19 min 800 °C 0 air <1% 18 min | Yellow-Tan 0.6245 37

[0065] Control 1 shows the results of a typical 1-step lab activation, in which the
temperature was ramped up to 800°C at 60°C/hour, while the catalyst was fluidized in
dry air. The bed depth was only about 2.5 inches (6.4 cm) in this test, which helped
stabilization. The overall activation time (cycle time) was rather long, but the
stabilization was high, due mainly to the small catalyst bed. Unfortunately, this exact
sequence is not efficient enough for use on a large scale because of the limited bed
depth.

[0066] Control 2 shows the results obtained when the same catalyst was simply
dropped into a hot 800°C tube, while in dry air. The catalyst was then allowed to

fluidize at 800°C for another 15 minutes before being discharged from the activator
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apparatus. This greatly reduced the cycle time, but this severe treatment also destroyed
the catalyst, as indicated by the green color, the low Cr(+6) stabilization, and by activity
tests on the polymer (Table 2) which indicated complete loss of activity.
[0067] Control 3, shows a typical commercial activation in which the bed depth was
over 7 feet (2.1 meters). Although air velocity was higher in this run than the others,
 stabilization was still rather poor due to the large amount of catalyst used (750 Ibs or
340 Kg). This much catalyst released considerable moisture, which hurt the
stabilization. Stabilization was low in spite of the exceedingly long cycle time of 36
hours.
[0068] Samples 4-1 through 4-23 in Table 1 demonstrate other sequences using
activation scenarios that are adaptable to continuous activation, or to large scale batch
activation, while showing considerable increase in efficiency and in stabilization to
Cr(+6). The parameters of the studies are listed in Table 1 for the following examples.
EXAMPLE 4A
[0069] For samples 4-1 through 4-7, the catalyst was fluidized in an oxidizing
atmosphere of air and rapidly ramped up to a first temperature followed by a first hold
period. The catalyst was then ramped up in an atmosphere of air to a second
temperature that was greater than the first temperature and then held for a second hold
period. Even at total cycle times of less than 60 minutes the amount of Cr(6+)

recovered was greater than 0.45 wt %.

EXAMPLE 4B
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[ 0065] Control 1 shows the results of a typical 1-step |ab activation, in
whi ch the tenperature was ranped up to 800C at 60C/ hour, while the catalyst
was fluidized in dry air. The bed depth was only about 2.5 inches (6.4 cn
in this test, which helped stabilization. The overall activation tine
(cycle tinme) was rather long, but the stabilization was high, due mainly to
the smal|l catalyst bed. Unfortunately, this exact sequence is not efficient
enough for use on a | arge scal e because of the |imted bed depth.

[ 0066] Control 2 shows the results obtained when the sane catal yst was
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Even at total cycle times of less than 20 minutes the amount of Cr(6+) recovered was
commercially acceptable.

EXAMPLE 4C
[0071] Samples 4-15 through 4-16, catalyst was fluidized in a reducing atmosphere
of carbon monoxide and rapidly ramped up to a first temperature followed by a first
hold period. The catalyst was then ramped up in an atmosphere of air to a second
temperature that was greater than or equal to the first temperature and then held for a
second hold period. Even at total cycle times of about 20 minutes the amount of Cr(6+)
recovered was commercially acceptable.

EXAMPLE 4D
[0072] Sample 4-17, catalyst was fluidized in an oxidizing atmosphere of ambient
air and rapidly ramped up to a first temperature followed by a first hold period. The
catalyst was then ramped up in an atmosphere of air to a second temperature that was
greater than or equal to the first temperature and then held for a second hold period.
The catalyst was then subjected to a reducing atmosphere of CO for an additional 15

minutes. Even at total cycle times of about 25 minutes the amount of Cr(6+) recovered

was commercially acceptable.
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reduci ng atnosphere of carbon nonoxide and rapidly ranped up to a first

t enper at ureeo¥eytd dvedl thy exafniplest atsblthe pesulting. pTlymce avas Yested VHENSr anped
up in an atnosphere of air to a second tenperature that was greater than or
equal to ploperfies.stMele ek aiMil; e/ Enchitheas kietednined ia asewdange hwitlhl AFdNlod. Even
at total cycle tinmes of about 20 m nutes the anount of Cr(6+) recovered was

comrer ci aphy3@eaRMcbE et 190XAMIER 4D60 @iz WSiip| High 10dd neitiadersHidk
fluidized in an oxidi zing atnosphere of anbient air and rapidly ranped up

to a fi rsg@b%mﬂv% HEEmiifdd RVRELrANcR Wit ASTROD th3sesonaiion '@ 198t@kyEt was

t hen ranp up in an atnosphere of air to a second tenperature that was

greater th . the first tenperature and then held for a second
hol d peri 82?’6%5&%@5}@% was then subjected to a reducing at nosphere of CO

for an adgitLonal m put es.. Even. at t ot al t] 5 m nut es
t he armunﬂi(%%]OCr (I\éérl?rhr%@g{?éf%l@r esnzg%orﬁ*srev?'%F gF}%f()S;xjmgeg cdgpﬁ 12 ‘?sfe gﬁ%ﬁ%ﬁé AE
100731Sanpl es 4-18 to 4-23, catalyst was .instant eousﬁl §ddeg tg a

or e- heat e 0%eraseiHlRioFY shearmeasuiementswere PEGRIBIAGD agthermsiTes SEBERndP% and
held for a first period of |line. The catal yst was then ranped u 0 a
second t eAB&ESaheemaetgr esinesraralichnleigcometyr Albhpelpgcdl test WeerrPe‘éfPﬁg‘é%ﬂer e of
air and held for a second period of tine. Stabilization to Cr(6+) was
commer ci all9y °@Ec ddptcahlptex iSOl POl yerous frequeoey (@adats vieee then suveritigdt ed
using the activated catal yst recovered fromthe exanples and the resulting
pol ymer wasing 8etBslifiad thyd jabisetd CehtiiRSudd\ElY) enipiival iddel tdbBtain the was
determ ned in accordance with ASTM D1238 condition F at 190C with a 2,160
gram wei g | . mel t il ks 1 Ny d [Aas! dthn
accor dancg&s\/i SF hﬂt&é%p%ﬂﬁ%'lg%’ 8%#1%?%%%?%%%?@&%%%%&{1 %%lwgs gi%%g(gﬁag?grqn wei ght .

Sl 1 St 1 ERRRCRD0S REPTHIIGR Y oheay “Neadtr ruRte EPE B BMNE S,

Rheonetrics Scientific, Inc. ARES rheoneter using parallel-plate geonetry.

Al'l rheological tests were perfornmed at 19Qp&. The conpl ex viscosity el
versus frequency (0) daiﬁ '® )t|hen —ysing the nodified three
par amet er Carreau- Yasuda (CY) énpi rl;;a;lL (@@9 a} fain the zero shear

viscosity - 170, characteristic viscous relaxation tine - r,/, and the
breadth paraneter - a. The sinplified Ca%eau-Yasuda (CY) enpirical nodel
is as foll ows. .



170 wherein:l 171(0)1 = magni tude of conplex shear viscosity; = zero shear
viscosity r = viscous relaxation tine a = "breadth" paraneter n = fixes the
final power |aw slope, fixed at 2/11; and ci = angul ar frequency of
oscillatory shearing deformation. Details of the significance and
interpretation of the CY nodel and derived paraneters may be found in: C

A. Hieber and H H Chiang, Rheol. Ada, 28, 321 (1989); C A Hi eber and

H H Chiang, Polym Eng. Sci., 32, 931 (1992); and R B. Bird, R C.
Armstrong and 0. Hasseger, Dynamics of Polyneric Liquids, Volune I, Fluid
Mechani cs, 2nd Edition, John Wley & Sons 0987); each of which is

i ncor por afheteer ei Niw)l ehegaingl of bomplex ehdar ¥Btosity] N Tabl e 2, the zero
shear viscosity is reported as Eta 0, the viscous relaxation tinme as Tau
eta, and the breadt a". [0076] Tabl e 2 denonstrates the
results of polynerlght?%ﬁgﬁ%ﬁgmaﬁpﬁ these catalysts. Melt index and HLM
are presented in grams/10 mnutes. The anpunt of polyethylene resin
recovered is |isted, rnVﬁﬁﬁﬁﬁﬂ@ﬁﬁéﬁﬁﬂﬁe headi ng "PEg". Productivity is
referred to as "Prod" in the table and was determ ned by dividing the grans
of resin produced hy=tbra@hapsadttecat al yst used for the pol ynerization run.
Activity was determ ned by cal culating the productivity per hour (grans of

resin/granms of Catayhéﬁ’r‘itxéi‘@l@rfi}lalpm%ri?a%ﬂ%e dke® @] yohd charged to the
reactor is labeled as "Cat Chg™ and is in grans. [0077]Cne can see that

despite the faster rate ]{I i éde@,bp&c ll"aﬂ)?y kﬂé\éﬁ{ﬁ gﬁ&ﬁtgﬂyst s di spl ayed

equi val ent or |rrproveazm hé“thntro whi | e providi ng

't SCat Crbepitt 6 ThoriEnpmce i 0L B Py RLTER B8R o

may be found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A.
Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C.
Armstrong and O. Hasseger, Dynamics of Polymeric Liquids, Volume I, Fluid
Mechanics, 2nd Edition, John Wiley & Sons (19875; each of which is incorporated
herein by reference in its entirety. In Table 2, the zero shear viscosity is reported as Eta
0, the viscous relaxation time as Tau eta, and the breadth parameter as “a”.

[0076] Table 2 demonstrates the results of polymerization runs with these catalysts.
Melt index and HLMI are presented in grams/10 minutes. The amount of polyethylene
resin recovered is listed in grams under the heading “PEg”. Productivity is referred to
as “Prod” in the table and was determined by dividing the grams of resin produced by
the grams of catalyst used for the polymerization run. Activity was determined by

calculating the productivity per hour (grams of resin/grams of catalyst/hour). The

amount of catalyst charged to the reactor is labeled as “Cat Chg” and is in grams.
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Prod (ala) Activity /cda-hl Melt Index HM HLM/M Eta O Tau_eta "a"
1 0.1451 260 70 1793 1537 0.20 16.1 78.6

Contr ol

[0077] One can see that despite the faster rate of activation, the inventive
catalysts displayed equivalent or improved activity over the control catalysts, while

providing higher melt index potential.

Table 2
TABLE 2: Polymerization Runs
Cat Run Prod Activity Melt -
Example # Cha PE g Time (ala) (ala-h) index HLMI HLMIMI Eta 0 Tau eta “a
Control 1 0.1451 260 70 1793 1637 0.20 16.1 78.6
Control 2 0.0926 60 49 49
Control 3 0.091 330 95 3626 2290 0.16 14.4 90.5 3.75E+05 1.23 0.1837
4-7 0.1937 301 57 1554 1636 0.57 36.8 64.5 9.89E+04 0.19 0.1860
4-14 0.1119 224.2 50 2004 2404 0.25 18.7 74.0
4-16 0.1444 249 68.9 1724 1502 0.41 271 66.1 1.64E+05 0.31 0.1793
4-17 0.1417 262 60 1849 1849 0.14 12.9 89.7 3.72E+05 0.96 0.1834

[0078] The discussion of a reference herein is not an admission that it is prior art to
the present invention, especially any reference that may have a publication date after the
priority date of this application. The disclosures of all patents, patent applications, and
publications cited herein are hereby incorporated by reference, to the extent that they
provide exemplary, procedural or other details supplementary to those set forth herein.
If the teachings or terms of the reference are inconsistent with those of the present
invention, the information included in the specification for the present invention is
intended.

[0079] The inventive aspects described herein are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed
herein are possible and are within the scope of the invention. Use of the term

"optionally" with respect to any element of a claim is intended to mean that the subject
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Control 2 0.0926 60 49 49 Control 3 0.091 330 95 3626 2290 0.16 14.4
90.5

element is required, or alternatively, is not required. Both alternatives are intended to
be within the scope of the claim.

[0080] Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is incorporated
into the specification as an embodiment of the present invention. Thus, the claims are a
further description and are an addition to the preferred embodiments of the present

invention.
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3. 75E+05 1.23 0.1837 4-7 0.1937 301 57 1554 1636 0.57 36.8 64.5 9. 89E+04
0.19 0.1860 4-14 0.1119 224.2 50 2004 2404 0. 25

CLAIMS
What is claimed is:
1. A chromium catalyst activation process comprising:
subjecting the catalyst to at least two activation stages,
wherein a first activation stage comprises an environment previously heated to a
first temperature for a first hold time in a range of from about 1 minute to about 30

hours, and
wherein a second activation stage comprises an environment heated to a second

temperature for a second hold time in a range of from about 1 minute to about 30 hours.

2. The process of claim 1 wherein the environment heated to a second temperature
is heated during a ramp up time in a range of from about instantaneous to less than or

equal to about 3 hours.

3. The process of claim 1 wherein the environment heated to a second temperature

is preheated.

4. The process of claim 1 wherein the first and second activation stages are carried

out in a common heating zone.
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18.7 74.0 4-16 0.1444 249 68.9 1724 1502 0.41 27.1 66.1 1.64E+05 0. 31
0.1793 4-17 0.1417 262 60 1849

5. The process of claim 1 wherein the first and second activation stages are carried

out in different heating zones.

6. The process of claim 1 wherein the activation process operates in a batch mode

or a continuous mode.

7. The process of claim 1 wherein the first temperature is equal to or less than

about 700°C.

8. The process of claim 1 wherein the first temperature is in a range of from equal

to or greater than about 400°C to equal to or less than about 700°C.

9. The process of claim 1 wherein the second temperature is in a range of from

greater than about 700°C to equal to or less than about 1000°C.

10.  The process of claim 1 wherein the second temperature is in a range of from

equal to or greater than about 800°C to equal to or less than about 900°C.

11.  The process of claim 1 wherein the first hold time is in a range of from equal to

or greater than 1 hour to equal to or less than 20 hours.
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1849 0.14 12.9 89.7 3. 72E+05 0.96 0.1834 100781The di scussion of a
reference herein is not an adm ssion that it is prior art to the present

i nvention, especially any reference that may have a publication date after
the priority date of this application. The disclosures of all patents,

pat ent applications, and publications cited herein are hereby incorporated
by reference, to the extent that they provide exenplary, procedural or

ot her details supplenentary to those set forth herein. If the teachings or
terns of the reference are inconsistent with those of the present

invention, the information included in the specification for the present

i nventionl2.s i Theprdess of 07| Werdimthersecond hmbbtimte ¢ desengdhedrineceual ar e
exenplary only, and are not intended to be limting. Many variations and
nodi f i cat jostgraferting 1 Kove s équal @i tdsotrd 1D@oaisn are possible and are within
the scope of the invention. Use of the term"optionally" with respect to
any elenent of a claimis intended to nean that the subject elenent is
required, or alternatively, is not required. Both alternatives are intended
to be within t 3 | aidm [ i t f
protectiogiis ?%%iﬁ%%%tg%cgeﬁtﬁéﬁggggﬁﬁggggﬁgggéq%ﬁ%kgggvgggﬁﬁgﬁfxgnly
limted by the clqansswﬁ£§g £Pllom4 that scope including all equival ents of
t he subje YORREY & 0P E €14 ms.  Each and every claimis incorporated into
the specification as an enbodi nent of the present invention. Thus, the
clainms are a further description and are an addition to the preferred

enbodi nents of the present_ invention. CLAIMS What is clained is. 1. A
chromi um &t al The percessvat chimpl gdissan dBendipts iage, the second stage, or both

comprises an atmosphere of nitrogen, carbon dioxide, or mixtures thereof.

15.  The process of claim 1 wherein the activation process is a continuous process
and further comprising adjusting a percentage of water in the environment of the second

stage activation stage to less than about 30 mol%.

16.  The process of claim 1 wherein the activation process is a continuous process,
wherein a percentage of water in the environment of the first stage is no more than
about 50 mol%, and wherein a percentage of water in the environment of the second

stage is no more than about 1 mol%.

17.  The process of claim 1 wherein the activation process is a continuous process,

wherein a percentage of water in the environment of the first stage is no less than about
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subjecting the catalyst to at |east two activation stages, wherein a
first activation stage conprises an environnent previously heated to a
first tenperature for a first hold tinme in a range of fromabout 1 mnute
to about 30 hours, and wherein a second activation stage conprises an
envi ronment heated to a second tenperature for a second hold tinme in a
range of fromabout 1 mnute to about 30 hours. 2. The process of claiml
wherein the environnment heated to a second tenperature is heated during a
ranp up tinme in a range of from about instantaneous to |ess than or equal
to about 3 hours. 3. The process of claim1l wherein the environnent heated
to a secofdndl¥npel whereia ai erqentige af wdter indthe Findropmsoesfthofecondistageliswher ei n
the first and second activation stages are carried out in a common heati ng
zone. Ouinordithdh fbax emioldseat i ng zones. 6. The process of claim1 wherein
the activation process operates in a batch node or a continuous node. 7.
The process of claiml1l wherein the first tenperature is equal to or |ess

than abouyg 700§ pRcestNRcRHIREEDSIBM ¢vHeih tNOBfoBER rbiifisfih e imdiieATeEr at ur e
is in a range of Pron1equa| to or greater than about 400C to equal to or

ess than, ARAHG AR andwndlif BOACARE: #yib 2Bl IBELEHR (AP RS
tenperature isin range o rom greater than about to equal to or

| ess than_about ﬁpOOC. 10 TPEJ%%OCE§f of claim1l wherein the second

t enper at uPESTE 1 fie activated catafyst PG DRIFRF romiim- o eat er than about 800C to
equal to or |ess than about 900C. 11. The process of claim 1l wherein the
first hold tinme is in a range of fromequal to or greater than 1 hour to
equal to or less than 20 hours., to or greater than 1 hour to equal to or

| ess thanl90 héwhsomiumzataiyseagivgesprogsss ePEPMIS wherein the first stage,
the second stage, or both conprises an atnosphere of air. 14. The process
of clai m1 whemgbdudiig o icheomismagatalysthéo e deaiihgs tzage prefreatsdt 10 @odfibtti ses an
at nosphere of nitrogen, carbon dioxide, or mxtures thereof. 15. The
process ofengedture]l wherein the activation process is a continuous process
and further conprising adjusting a percentage of water in the environnent
of the second gilame tachdaviag oM &ltBEErst GerhREGuleTana &b bbld3@nem Yorangd6. The
process of claim1 wherein the activation process is a continuous process,

wher ei N a,pesGepbRdenhite¥8hesuti30 b}, envi ronnent of the first stage is no
nore than about 50 nol % and wherein a percentage of water in the

eI TSR 1, LR SR e o f T

process of clalm Ooh process Is°a continuous process,
wher ei n a&%ﬁ;ggnta of water in the environment of the first stage is no
| ess t han"AB6HHY™ | % and wherein a percentage of water in the

envi ronnent of the second stage is q? nore than about. 1 gnl@&
holding the heating zone at second temperature for a second hold time in a range

of from about 1 hour to about 30 hours.
20.  The process of claim 19 wherein the heating zone is increased to a second

temperature during a ramp up time in a range of from about instantaneous to less than or

equal to about 3 hours.
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18. The process according to claim1l wherein the process results in
formation of activated catal yst and wherein from about 40%to about 100% of
the total chrom um present in the activated catal yst is hexaval ent
chromum 19. A chrom um catal yst activation process conprising:

i ntroducing a chrom um catal yst to a healing zone preheated to a first

t enper at ure; hol ding the heating zone at the first tenperature for a
first hold tinme in a range of fromabout |I mnute to about 30 hours;

i ncreasing the heating zone to a second tenperature greater than the first
tenperature; and hol di ng the heating zone at second tenperature for a
second holRdl ti ke iprocassr afhgleinofl 9f wbereiabtbathedtitgaene s imbsated30 hgeposd  20.
The process of claim 19 wherein the heating zone is increased to a second

t enper at Utegnpibtird nsankzabpusp tine in a range of from about instantaneous to
| ess than or equal to about 3 hours. tenperature instantaneously. 22. A
chrom um cat al yst activation process conpri sing: i ntroducing a
chromumcatalyst to a first heating zone preheated to a first tenperature;
holdingt? caaclh% - LD 1l hhSsigone for a first hold time in
a range o E’fro% a ogﬁlyml&trﬁlﬁa%%ﬁﬁéb%%ﬁ%gg%mﬁgﬂ%; i ntroduci ng the
chrom um catal yst .to a_second i.ng t 9

erper at ur o, - wipdiin At RSN, SRR R P pERGR e ReRaRRTR
tenperature; and hol di ng the catalyst within the second heating zone
for a secHHPHOYS time in a range of fromabout 1 minute to about 30 hours.

holding the catalyst within the first heating zone for a first hold time in a range

of from about 1 minute to about 30 hours;
introducing the chromium catalyst to a second heating zone preheated to a

second temperature, wherein the second temperature is greater than the first

temperature; and

holding the catalyst within the second heating zone for a second hold time in a

range of from about 1 minute to about 30 hours.
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